Background: Serial casting is an effective treatment modality in early-onset idiopathic scoliosis; however, the role of this method in congenital scoliosis is not well studied. Methods: A total of 11 patients with progressive congenital scoliosis were treated with serial cast application. Age at initial cast application, magnitudes of the congenital, compensatory and sagittal deformities, coronal balance, T1 to T12 height, number of casts and time-in cast per patient, subsequent surgical interventions, and complications were evaluated. Results: Mean age at the first cast application was 40 months, and the average number of cast changes was 6.2 per patient. There were no major complications. The average precasting curve magnitude was 70.7 degrees (range, 44 to 88 degrees) and was significantly reduced to 55.1 degrees (range, 16 to 78 degrees) at the latest follow-up (P = 0.005). The average precasting compensatory curve was 55.8 degrees (range, 38 to 72 degrees) and was significantly reduced to 39.8 degrees (range, 23 to 62 degrees) at the latest follow-up (P = 0.017). Average T1 to 12 height increased from 12.8 cm at post-first cast to a 14.6 cm at the latest follow-up (P = 0.04). Average time in cast was 26.3 months (range, 13 to 49 mo). During the treatment period, none of the patients required surgery for curve progression. Conclusions: Serial derotational casting is a safe and effective time-buying strategy to delay the surgical interventions in congenital deformities in the short-term follow-up. Level of Evidence: Level IV, case series.
I
n congenital spinal deformity, surgery is the preferred method of treatment to stop progression, as bracing and casting methods are believed to be ineffective to control the curve progression in most cases. 1, 2 As the serious long-term consequences of early spinal fusion became apparent, growth-friendly modalities have been gaining popularity in most types of early-onset progressive scoliosis, as well as congenital deformity, to control the curve progression and maintain natural growth of the spine and the thorax. [3] [4] [5] [6] [7] [8] [9] [10] However, the high complication rate of growing rod techniques is a concern, and there has been an increasing interest in delaying the start of growing rod surgery in young children. 11 Recently, serial casting regained popularity in the treatment of early-onset scoliosis (EOS). Serial cast correction has been demonstrated to provide complete resolution of mild-to-moderate idiopathic curves (< 50 to 60 degrees) if started at a very early age (< 2 y). 12, 13 For older children with more severe curves, there is recent evidence showing that serial casting may also help delay the first growing rod surgery in noncongenital EOS, which would theoretically decrease the number of complications related to recurrent surgical procedures. [14] [15] [16] [17] Although the aforementioned reports include a few patients with congenital deformity, the role of serial casting in congenital scoliosis has not been sufficiently studied. Therefore, the aim of this study was to report the outcomes of serial casting in young children with congenital scoliosis and investigate whether serial casting may be used effectively to delay surgical procedures.
METHODS
A total of 11 patients with progressive congenital scoliosis were managed with serial casting at a single institution between 2008 and 2012. The decision to start cast treatment versus surgery was made based on the type and extent of congenital vertebral anomalies. At our institution, patients with short and sharp angular congenital deformities are treated with hemivertebrectomy or in situ fusion, depending on the anomaly. Therefore, only long curves with multiple anomalous vertebrae were started on cast treatment, if deformity progression of >5 degrees was documented over a 6-month period. According to these criteria, all patients who were suitable for growing rods were started on cast treatment.
Congenital medical comorbidities accompanying congenital scoliosis were recorded in 3 patients. There was atrial septal defect in 1 patient, horseshoe kidney in 1 patient, and cleft palate in another patient.
Cast applications were completed under general endotracheal anesthesia, on a specially designed frame. Mehta modification of Cotrel-Morel technique was used for the application of casts. 12, 18 Apexes of the kyphotic deformities were meticulously well padded to avoid skin ulcers. Routine cast changes were carried out in 2-to 4-month intervals, depending on the patient's age. Spinal alignment measurements were made on standard standing posteroanterior and lateral radiographs taken in the cast on the day after the cast application. The procured data included age, Cobb angles of congenital and compensatory coronal curves, sagittal deformity magnitude, coronal balance, thoracic height (T1 to T12), number of cast applications, follow-up time, requirement of surgery, and complications.
The criteria for discontinuing cast treatment were: documented insufficient deformity control with the cast (> 5 degrees increase in deformity), skin problems that preclude cast application, and refusal of cast application by family.
The data were analyzed using the SPSS 15.0 statistical software. The Friedman test was used for nonparametric 2-way analysis of variance and multiple comparisons. The Wilcoxon signed ranks tests were used to compare the measurement variations between the parameters with the level of significance set at P < 0.05.
RESULTS
The clinical and radiographic data are summarized in the Table 1 . There were 7 female and 4 male patients. All patients had long congenital curves with mixed formation and segmentation anomalies involving 5 to 10 segments. The average age at the index cast application was 39.5 ± 23 months (range, 9 to 80 mo). The average number of cast applications was 6.2 ± 2.1 (range, 3 to 10) per patient. All patients had a minimum of 3 cast changes and a minimum follow-up of 1 year.
The mean precasting Cobb angle of the congenital deformity was 70.7 ± 14.4 degrees (range, 44 to 88 degrees). After initial cast application, the main curve magnitude significantly reduced to a mean 54.4 ± 14.7 degrees (range, 22 to 72 degrees) (P = 0.003). At the latest follow-up, the mean Cobb angle of the congenital deformity was 55.1 ± 17.2 degrees (range, 16 to 78 degrees). (Figs. 1, 2) .
A mean precasting Cobb angle of the compensatory curve of 55.8 ± 13.3 degrees (range, 38 to 72 degrees) was significantly reduced to a mean 43.5 ± 13.6 degrees (range, 27 to 64 degrees) after initial cast application (P = 0.012). At the latest follow-up, the mean Cobb angle of the compensatory curve was 39.8 ± 14.6 degrees (range, 23 to 62 degrees) (Fig. 3) .
Correction of both the congenital and the compensatory curves were maintained at the latest follow-up, with the average deformity magnitude being still significantly lower than the precasting values (P = 0.005 and 0.017, respectively). Sagittal deformity was present in 4 patients. An average precasting local kyphosis angle of 75.5 ± 11.3 degrees (range, 61 to 85 degrees) was reduced to 62.7 ± 11.9 degrees (range, 48 to 73 degrees) after the first cast application and it was 63.5 ± 11.5 degrees (range, 52 to 78 degrees) at the latest follow-up. The mean precasting 27.4 ± 20.8 mm (range, 4 to 74 mm) of coronal off-balance was reduced to 14.3 ± 9.4 mm (range, 0 to 30 mm) after initial cast application (P = 0.005). At the latest follow-up, mean offbalance was 11.9 ± 10.6 mm (range, 0 to 33 mm). (Fig. 4) The mean T1 to T12 height after the initial cast application was 12.8 ± 3 cm (range, 8 to 18.8 cm). At the latest follow-up, it was significantly improved to a mean 14.6 ± 3 cm (range, 9.1 to 20.3 cm) (P = 0.04). The improvement in T1 to T12 height per year was 0.81 ± 0.14 cm (range, 0.62 to 1.06 cm) per patient.
At the time of the last follow-up, surgical intervention was delayed for an average of 26.3 ± 10.8 months (range, 13 to 49 mo). Two patients underwent growing rod surgery. In both patients, the deformity was well controlled with casting. However, in 1 patient, the decision to convert to growing rod was made because of the patient's increased age and size, and for the other, the parents decided to switch to growing rod surgery. The remaining 9 patients were still managed with serial casting treatment. For none of the patients in this group, curve progression exceeded >5 degrees within cast.
There were no instances of neurological impairment or thoracic wall deformity. Mild skin irritation in 3 patients resolved with local wound care and well padding of the cast. Casting was temporarily discontinued in 1 patient because of pneumonia and resumed after resolution of the infection.
DISCUSSION
Congenital spinal deformities present as a large spectrum varying from mild asymptomatic curves to progressive deformities with neurological and cardiopulmonary sequelae. The natural course of deformity may be predicted according to the type, localization of malformation, and the age of the patient. 19 Although natural history studies are limited, the available data suggest that if left untreated, the combination of mixed vertebral and rib anomalies can restrict the space available for the lung and cause severe disability or even death. 20, 21 Therefore, treatment is warranted.
There is scant evidence with regard to nonsurgical treatment in congenital scoliosis. 22 Traditionally, conservative treatment methods in congenital scoliosis such as bracing and casting have been thought to be ineffective for the congenital curves because of the rigid nature of the deformity and may only have a corrective effect on compensatory curves. Because of these reasons, surgery is the preferred treatment method if progression is documented, or if the anomaly has high risk of progression or predicted as high risk for progression. 1,2 On the contrary, early definitive fusion is known to be associated with other problems, such as crankshaft phenomenon 23 and impairment of respiratory function. 24, 25 The staggering evidence of compromised pulmonary function after extensive thoracic fusions 26 compromises the major impetus to seek for treatment methods that spare spinal growth in the treatment of early-onset spinal deformities.
Convex hemiepiphysiodesis may be considered as a "growth-friendly" surgical method in selected patients with congenital scoliosis. Although historically convex hemiepiphyseodesis has been shown to have unpredictable results, 27 ,28 recent evidence suggests that a posterior instrumented hemiepiphysiodesis may achieve better deformity control. 29 However, hemiepiphysiodesis is still an invasive procedure regardless of the technique and does not always result in curve correction. Growth-friendly techniques such as growing rods and VEPTR gained popularity in management of all types of EOS, including congenital scoliosis. 3, 6, 10 However, both of these 2 methods require recurrent and frequent surgical interventions and have a high incidence of complications including implant failure, infection, and wound-healing problems. 11, 30 Sankar at al 30 reported complication rates of 2.3 per patient treated with growing rods and 2.7 per patient treated with VEPTR. The rate of complications increases as the treatment period with growing rods increase. Bess and colleagues showed that the complication rate is increased by 24% for each of the additional lengthening procedure. In addition, they showed a 13% complication rate decrease for each year of increase in the patient's age at the initial growing rod surgery. 11 These studies suggest that, if the start of growing rod treatment can be delayed, complication rates will drastically decrease.
Casting had been widely used in the management of scoliosis regardless of etiology or age for postoperative corrective immobilization until spinal instrumentation methods developed so as to obviate external corrective bracing. 31 Although the role of serial casting as a standalone treatment method for scoliosis in young children had been suggested about 50 years ago by Cotrel and Morel, 18 it took some time for convincing evidence to appear in the literature. Most current studies support the role of serial casting as a definitive treatment modality in the management of mild curves in patients with idiopathic EOS. 12, 13 More severe idiopathic and most nonidiopathic curves do not respond to cast treatment as well; however, recent studies showed that casting may still have a role in the treatment of such deformities. Fletcher et al 15 reported their results of cast treatment in 12 idiopathic and 17 nonidiopathic patients. They concluded that spinal growth was maintained, 39 months of delay in surgery was achieved, and growing rod surgery was avoided in 72.4% of their patients. Baulesh et al 14 reported on a cohort of 39 patients including 17 nonidiopathic diagnoses. They concluded that, although nonidiopathic curves did not respond to cast treatment as well as the idiopathic curves, the thoracic growth was maintained and the index surgical procedure was delayed for an average of 2 years. These recent reports on EOS include a small number of congenital deformities; however, there is no report solely evaluating the effectiveness of this method in congenital scoliosis.
In this study, we investigated the efficiency of serial casting with Mehta modification of Cotrel method in the management of congenital spinal deformities. There were statistically significant reductions in mean Cobb angles of both congenital and compensatory curves after serial casting. The mean precasting congenital deformity of 70.7 ± 14.4 degrees decreased to 54.4 ± 14.7 degrees, and a mean precasting compensatory curve of 55.8 ± 13.3 degrees decreased to 43.5 ± 13.6 degrees after the initial cast application. The results show that the correction occurred after the first cast application and was maintained over the treatment period. This finding is similar to growing rod application where the major part of correction is achieved during the index implantation. The main goal of growthfriendly approach is to enhance thoracic growth to allow for close to normal pulmonary function in children with EOS. To test how much of this goal could be achieved, we measured the T1 to T12 height in our children. Our data show that the thoracic spine growth averaged 0.81 cm (range, 0.62 to 1.06 cm) per year, despite the presence of congenital anomalies. Although this is less than the normal growth velocity for the 0-to 5-year age group, 32 given the presence of congenital deformities, we conclude that casting preserved the growth potential of the spine.
In our group of patients, although 2 patients eventually underwent growing rod surgery, none of the patients required conversion to growing rod treatment because of curve progression and the need for surgery was delayed for an average of 26.3 months. Although modern cast application requires general endotracheal anesthesia, the surgical trauma, risk of infection, and neural complications were avoided. If all patients had an index growing rod implantation and recurrent lengthenings every 6 months, at least 55 surgical procedures would be required in 11 patients (an average of 5 surgical procedures per patient). This number does not take into account the potential additional procedures for implant-related complications such as anchor pull-outs, rod fractures, and wound-related problems, which are inherent to growing rod treatment. Cost and benefit analyses are becoming a major part of health care, and although we did not analyze economic burden of cast treatment versus growing rods, this comprises an area that deserves attention.
The limitations of this study mainly stem from the retrospective design. A potential drawback of the serial casting procedure may be the negative effects of the cast on pulmonary function as the patients with congenital scoliosis may already have some pulmonary compromise because of thoracic cage involvement. Recent data suggest that although pulmonary parameters deteriorate after application of the first cast, they return back to baseline values by the time of the application of the second cast. 33 However, the authors of that study did not specify the diagnoses of their patients with EOS, and the effects of a cast in patients with congenital deformities might be different. We did not measure the pulmonary functions before and after the cast applications, and the net effects of cast application on the pulmonary functions of these patients are not known. However, in our patient cohort, casts were well tolerated and we did not encounter any pulmonary insufficiency.
Another criticism that can be done for this study is that all radiographic measurements were taken in-cast during follow-ups. However, in our point of view, casting is only a delaying tactic instead of a definitive treatment method, for congenital scoliosis. As we documented an effective control of deformity during treatment period, the absence of out-cast radiographs during follow-ups did not affect the message given in this study.
Although the average follow-up is short, curve correction has been maintained over the treatment period, and surgery was delayed for an average of 26.3 months. Eventually, all patients in this cohort will most likely need a definitive fusion procedure; however, the goal of serial casting in this patient population is to decrease the number of recurrent surgical procedures. Our results suggest that in patients with congenital scoliosis serial casting, using the derotation method is a safe and effective time-buying strategy to delay the need for surgical interventions in the short-term follow-up. However, longer follow-up and larger cohorts will be necessary to define the limits of cast treatment in congenital scoliosis.
